Introduction Surgical strategy for thoracic disc herniation (TDH) remains controversial. We have performed posterior thoracic interbody fusion (PTIF) by bilateral total facetectomies with pedicle screw fixation. The objectives of this retrospective study are to demonstrate the surgical outcomes of PTIF for TDH. Materials and methods We enrolled 11 patients who underwent PTIF for myelopathy due to TDH and were followed for at least 1 year. The mean age at surgery was 55.2 years and the average period of follow-up was 4.3 years. The levels of operation were T10-T11 in three cases, T12-L1 in three, and T2-T3, T3-T4, T9-T10, T11-T12, and T10-T12 in one case, respectively. The pre-and postoperative clinical status was evaluated according to the modified Frankel grade and the Japanese Orthopaedic Association (JOA) score modified for thoracic myelopathy. Additionally, postoperative complications were assessed. Local kyphosis at the operated segment and status of fusion were evaluated using plain radiographs and computed tomography. Results Improvement of at least one modified Frankel grade was observed in all but one patient. Average pre-and postoperative JOA scores were 4.9 and 8.8 points, respectively. The average recovery rate was 61 %. Bony union was observed in ten cases. One patient's postsurgical outcome resulted in pseudoarthrosis, which required revision surgery due to kyphosis deterioration. Cerebrospinal fluid leakage was observed in one patient postoperatively with neither neurological deficit nor evidence of infection. Conclusion PTIF has produced satisfactory outcomes for myelopathy due to TDH. Therefore, PTIF is one of the surgical treatments of choice for patients with TDH causing myelopathy.
Introduction
Thoracic disc herniation (TDH) is rare in comparison to cervical or lumbar disc herniation with an occurrence rate of 0. .0 % of all disc herniations [1, 2, 23] . The incidence of TDH has been estimated at approximately one patient per million population [22] . TDH affects men more frequently than women, with a peak age of 40-50 years. Most TDHs are found in the lower thoracic spine with more than 75 % affecting below T8, mainly at T11-T12 [1, 23] .
Spontaneous resorption of herniated disc material has been observed in TDH similar to observations in cervical and lumbar disc herniations. Therefore, conservative treatment is primarily selected in patients without myelopathy. However, surgical treatment is necessary when myelopathy is progressive [5, 12, 35] .
Conventional decompressive laminectomy for TDH, with or without discectomy, has resulted in a high rate of major morbidity and mortality [1, 18, 19] . As a result, various surgical techniques have been developed, including transthoracic lateral extracavitary, costotransversectomy, transpedicular transversoarthropediculectomy, transfacet pedicle-sparing, microscopic discectomy, and thoracoscopic procedures [7, 8, 15, 17, 28, 30] .
Various reports have indicated that anterior surgical approaches provide satisfactory results [11, 22, 24, 26, 27] . Transthoracic approaches have particularly been favored in central, giant and calcified TDH due to their greater safety in achieving ventral spinal cord decompression [14] . However, the anterior transthoracic procedures have a variety of limitations, especially in cases of chest disease and decreased respiratory function [9] . Safe decompression of all involved neural elements and stabilization of the affected segment are essential in treatment of TDH. We applied our technique of posterior lumbar interbody fusion (PLIF) to the thoracic spine to achieve these goals with the posterior approach alone [25] . The objective of this study was to investigate the surgical outcomes of posterior thoracic interbody fusion (PTIF) with bilateral total facetectomies and pedicle screw fixation for myelopathy due to TDH.
Materials and methods
Twelve consecutive patients underwent PTIF for myelopathy due to TDH between 1999 and 2010. This study group consisted of 11 patients (7 men, 4 women) who were followed for at least 1 year. The mean age at surgery was 55.2 years (range 21-81 years) and the average follow-up period was 4.3 years (range 1-11 years).
The levels of PTIF segments were documented at both T10-T11 and T12-L1 in three cases, and one case each at  T2-T3, T3-T4, T9-T10, T11-T12, and T10-T12 levels. Ossification of the ligamentum flavum (OLF) occurred at the same segment in which TDH was detected in three patients. In some cases, further additional surgical procedures were required at adjacent levels. This consisted of a laminectomy for OLF in two cases and discectomy for lumbar disc herniation in one case, which were performed simultaneously.
Preoperative magnetic resonance imaging (MRI) and computed tomographic myelography (CTM) were performed in all patients to diagnose and determine the levels which required decompression. In this series, TDH was diagnosed when the herniated disc acting as the main factor compressed the spinal cord regardless of the existence of osteophytes. The localization of herniation was classified as a central type when the bulk of the herniation was located at the middle half of the thoracic canal. It was classified as a lateral type when the bulk of the herniation was located at the lateral side of the middle half of the thoracic canal [4] . The central type of herniation occurred at six levels, and the lateral type was also present at six levels in this study group. The degree of herniation was characterized as mild, moderate or severe as described previously [9] . Mild herniation consisted of only minimal dural indentation. Moderate herniation created limited cord pressure with no significant deformation. Severe herniation resulted in free fragments or evidence of cord compression manifested by indentation or flattening of the cord. Furthermore, the herniation occupying more than 40 % of the diameter of the spinal canal was defined as giant herniation [14] . All TDHs in this study were categorized as severe and giant herniations ( Table 1) .
The average period between the onset of initial symptoms and diagnosis was 13 months (range 1-60 months). The initial symptoms were back pain in four cases, lower extremity numbness in three cases, lower extremity pain in two cases, lower extremity weakness in two cases, and intercostal neuralgia in one case. The average period between the onset of gait disturbance and surgical treatment was 1.7 months (range 0.25-7 months).
Clinical outcomes were assessed with several measures to include: operative time, blood loss, pre/postoperative modified Frankel grade (Table 2) , pre/postoperative Japanese Orthopaedic Association (JOA) score modified for thoracic myelopathy (Table 3 ) and intra/postoperative complications [3] . The JOA scoring system for cervical myelopathy quantifies neurologic impairment by evaluating motor function of the upper extremity (4 points), motor function of the lower extremity (4 points), sensory function (6 points), and bladder function (3 points) such that a higher score indicates greater impairment. Therefore, a full JOA score for cervical myelopathy is 17 points. In this study, we used the JOA score modified for thoracic myelopathy (11 points for a full score, Table 3 ) by excluding motor and sensory functions of the upper extremity from the JOA scoring system for cervical myelopathy [32, 33, 36] . Recovery rate [(postoperative score -preoperative score)/(11 -preoperative score) 9 100 %] was evaluated using the formula suggested by Hirabayashi et al. [13] . The recovery rates were classified into five groups: excellent (75-100 %), good (50-74 %), fair (25-49 %), unchanged (0-24 %), and worse (less than 0 %) [24] .
The status of fusion and local kyphosis at the operated segment were investigated radiologically as well. Bony union was defined as a condition in which bony continuity between graft bone and vertebra was detected by dynamic radiographs and reconstruction CT, with neither loosening of the pedicle screws nor any motion at the segment. Local kyphotic angle at the operated segment was measured before surgery, immediately after surgery and at the final follow-up by plain neural lateral radiograph except for two cases with upper thoracic fusion (T2-T3, T3-T4) and one case with pseudoarthrosis. The local kyphotic angle was measured as the angle between the upper endplate of the cranial vertebra above the fusion level and the lower endplate of the caudal vertebra below the fusion level. The correction angle (preoperative kyphotic angle -kyphotic angle immediately after surgery) and correction loss (kyphotic angle at the final follow-up -kyphotic angle immediate after surgery) were calculated [20] .
Surgical indication and technique
All patients considered for surgery had myelopathy including gait disturbance, paralysis, or bowel and bladder dysfunction. Back pain alone was not a surgical indication in this series. PTIF procedures were modified from our PLIF technique which has been described elsewhere [25] . Detailed PTIF procedures at each step are shown in Fig. 1. 1. Laminectomy and bilateral total facetectomies were performed with a laminectomy below the pedicle, including the spinous process, bilateral inferior facets of the cranial level, and excision of bilateral superior facets of the caudal level using an air drill. 2. Anterior decompression was completed with a subtotal discectomy consisting of the excision of as much of the annulus and cortical endplate as possible along the lateral border of the endplate bilaterally. This was done to achieve an extensive bone graft area and preserve the bony endplate. Herniotomy was performed by dropping the disc toward the ventral side without the retraction of neural elements. Bilateral total facetectomies provided a wide working space and enabled us to produce a safe decompression and avoid unnecessary retraction of neural elements. 3. The bone graft procedure used autologous bone blocks and chips, which were trimmed from the excised spinous process, lamina, and facets. Posterior iliac crest bone was not harvested. 4. Pedicle screw fixation involved use of the Steffee variable spine plating system (DePuy Spine, Raynham, MA, USA) in the earlier five patients, and the Expedium Spine system (DePuy Spine, Raynham, MA, USA) in the later six patients (Fig. 2) .
Results
The mean operative time was 296 min (range 156-450 min), and the mean blood loss was 399 ml (range 60-1,040 ml). Improvement of at least one modified Frankel grade was observed in all but one patient (Fig. 3) . Average pre-and postoperative JOA scores were 4.9 and 8.8 points, respectively. Significant difference was detected between pre-and postoperative JOA scores (paired t test, p \ 0.01). The average recovery rate was 61 % (range 14-93 %). The overall results were excellent in four patients, good in three, fair in three, and unchanged in one, respectively. With regard to complications, neither neurological deficit nor infection was detected. Leakage of the cerebrospinal fluid was observed in one patient, which was resolved with conservative treatment. The average local kyphotic angle at the operated segment before surgery, immediately after surgery, and at the final follow-up was 9.5°, 6.5°, and 8.1°, respectively. The average correction angle and correction loss were 3.0°and 1.6°, respectively. No statistical difference was detected in the change of local kyphotic angle. Bony union was observed in ten patients (Table 1) . One patient had resulting pseudoarthrosis, which required revision surgery due to kyphosis deterioration (Fig. 4) . The fusion rate was 91 %.
Representative case
The patient was a 21-year-old man who suffered from TDH myelopathy at T11-T12. He was very obese, with his body height/weight being 170 cm/150 kg. He could not stand unassisted before surgery. PTIF was performed and his lower extremity muscle strength improved gradually after surgery. He could ambulate using a walker 3 months after surgery. At the final follow-up, he could run unassisted. Pre-and postoperative modified Frankel grades were B and E, respectively. Pre-and postoperative JOA scores were 3 and 10 points, respectively. His recovery rate was 87.5 % and bony union was confirmed at 5 months after surgery (Fig. 5) . The local kyphotic angle at the operated segment before surgery, immediately after surgery, and at the final follow-up was 11°, 9°, and 10°, respectively.
Discussion
Treatment of TDH remains controversial due to its lower incidence than herniations in the cervical or lumbar spine. Anterior approaches have been favored due to their ability to safely achieve ventral spinal cord decompression. The anterior approach technique for TDH was first described by Crafoord et al. [8] . Subsequently, many reports of anterior approach procedures for the treatment of TDH have been reported [11, 24, 26, 27] . The anterior surgical approach is effective in decompressing the central and calcified TDH with the presence of osteophytes. However, anterior approaches have been found to be difficult in cases of chest disease, decreased respiratory function, and extreme obesity [9, 22] . In patients with TDH involving the upper thoracic spine, anterior approaches have required special modifications [10] . Additionally, postoperative pneumonia and intercostal neuralgia have been serious sequelae [22] . The anterior approach also could not deal with the pathogenesis of posterior compressive factors such as OLF associated with anterior disc herniation. Although various posterior approaches have been developed, it has been difficult to decompress the central and calcified herniation, with or without osteophytes [29, 31] . Previous reports had described that conventional decompressive laminectomy for TDH resulted in a high rate of major morbidity and mortality [1, 18, 19] . Management for TDH at the upper thoracic level has also been difficult in both anterior and conventional posterior approaches. A modified transfacet pedicle-sparing decompression and fusion for TDHs was reported by Bransford et al. [4] . This procedure is similar to our PTIF. Bilateral total facetectomies were used at the upper thoracic lesions. However, Bradford's report also included cases with unilateral facetectomy and he utilized interbody augmentation. Therefore, their procedure was not always the same as our PTIF. Machino et al. [20] reported transforaminal thoracic interbody fusion (TTIF) including three patients with TDH. TTIF is a useful method for patients with a lateral type of disc herniation. However, application of TTIF for patients with the central type of disc herniation is limited. In addition, the upper thoracic level was at T7-9 in the case reports of those successfully treated with TTIF. The distance between the bilateral pedicles is narrower especially at the upper thoracic spine levels. Therefore, it is more difficult to achieve safe decompression at the upper thoracic spine with TTIF.
In the present study, PTIF for myelopathy due to TDH provided satisfactory clinical outcomes. Bilateral total facetectomies could provide an adequate and wide working space and avoid excessive retraction of the neural elements. As a result, PTIF enabled safe decompression, even if the lesion was either central with calcification or at the upper thoracic level. Postoperative neurological deficits were not evident in the present series.
Local kyphosis was corrected slightly in the present study. In the PTIF procedure, subtotal discectomy and bone graft enabled spontaneous kyphosis correction, and the alignment at the operated segment became less kyphotic as a result without forcible correction by instrumentation. Stabilization with dekyphosis enabled us to not only maintain spinal stability, but also reduce the ventral compressive pressure on the spinal cord. Furthermore, the improved or lessened kyphosis impacted a change of the spinal cord alignment and slackened the tension of the spinal cord [16, 36] . This appeared to produce a positive influence on the clinical outcomes for the PTIF procedure.
Interestingly, five patients (45 %) had other pathogenesis combined with TDH in the present series. OLF was observed at the same level as TDH in three patients and at the adjoining level in two patients. Lumbar disc herniation was observed in one patient. This distribution suggested that TDH tended to combine with other spinal disorders at the same or adjoining level. Previous reports recommended that additional laminectomy should be performed if OLF occurred in combination with TDH at the same level [27] . PTIF enabled us to easily perform the additional posterior procedures at the same or adjoining level. Pseudoarthrosis was observed in one patient, who required additional surgery due to deterioration of the local kyphosis. In this patient, diffuse idiopathic skeletal hyperostosis (DISH) was associated and TDH existed at the caudal level of the ankylosed spinal segment [34] . Loosening of the pedicle screw was detected 3 months after surgery. Thereafter, kyphosis progressed gradually. We speculate that the reason for pedicle screw loosening and kyphosis deterioration in this patient may be related to mechanical stress of the long lever arm of the ankylosed spinal segments concentrated at the PTIF level and short segment fixation could not maintain the stability [6, 21] . Therefore, if DISH is recognized in patients with TDH, a wider area of instrumentation including ankylosed spinal segments should be recommended in association with PTIF.
In conclusion, the advantages of PTIF include safe decompression of the spinal cord regardless of axial or sagittal TDH localization, dekyphosis, and the ability to manage other pathogenesis combined with TDH.
Disadvantages associated with PTIF include the inevitability of the rigid instrumentation to reconstruct the stability of the spinal column and to obtain fusion due to bilateral total facetectomies. In the present study, PTIF produced satisfactory clinical outcomes for myelopathy due to TDH. Therefore, PTIF is one of the surgical treatments of choice for patients with myelopathy due to TDH.
Conclusion
This study demonstrated that the various types and levels of TDH were treated and sufficient stability of the spine was obtained with PTIF. Bilateral total facetectomies enabled us to provide safe decompression and sound interbody bone grafting. Consequently, bony union was achieved without neurological complication. In addition, posterior decompressive procedures for other spinal disorders were easily performed at the same time. 
